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- The Amazon basin in transition

Eric A. Davidson, Alessandro C. de Aratjo*?, Paulo Artaxo?, Jennifer K. Balch!®, I. Foster Brown"®, Mercedes M. C. Bustamante’,
Michael T. Coe', Ruth S. DeFries®, Michael Keller®'°, Marcos Longo'!, J. William Munger'!, Wilfrid Schroeder'?,
Britaldo S. Soares-Filho', Carlos M. Souza Jr'# & Steven C. Wofsy'!




Naturally, the Amazon forest interacts strongly with the atmosphere and
climate. There are strong and complex links between the forest biology,
and the physics and chemistry of the atmosphere

Natural System The Transition
Existing Aerosol
and gases
Clouds
Cloud
Aerosol formation Condensation
and growth Nuclei
A
= Precipitation . . \
= Wet deposition \
of C,S, N
x coTc'mpcraturo
Primary = Radiation
Organic
Trace Gas Aerosol Water Energy
Emissions Emissions




Amazon river discharge at Obidos

Is the Amazonian
hydrological cycle

300
|

—— Maximum Monthly Mean
—— Annual Mean

250
]

:

intensifying? . v
i Do ' \‘\\ \ /. 4
2 /»\/\/\,Jv 3 \]V fLA’ E#J_Aé\:/ér
= T T T : l': T ¥LT| 11
Maximum monthly, annual mean 1900 1920 1940 1960 1980 2000
and minimum monthly mean Tree ring 8'°0, Bolivia
Amazon river discharge at Obidos 8
and in green maximum and E o
minimum daily mean river e
discharge, (b) 620 in precipitation "L . I , , .
1900 1920 1940 1960 1980 2000

in Bolivia derived from tree rings
(Brienen et al. 2012) and (c) tropical Tropical Atlantic SST

Atlantic sea surface temperature 2 | Annual Mean

from Extended reconstructed sea g |~ Verhrecordlompassfiteres

surface temperature) (Glooretal. ~ 3| o\ / ’ -

2013). . / . , I .
1900 1920 1940 1960 1980 2000

Year AD




easing in Amazonia

A Southern Amazonia dry-season length (DSL) (red line) and dry-season end, DSE (blue line
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Deforestation in Amazonia 1977-2015 in km? per year
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) several sites in Amazonia
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Fig. 18 Average spatial distribution of the direct radiative forcing (DRF) of biomass burning

aerosols in Amazonia during the dry season (August to October) of 2010. Forcing derived from
calculations using a combination of MODIS and CERES sensors data. During this three-

month period. the daily-average radiative forcing of aerosols for the whole area was on average
Elisa Sena, 2011
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Mean Diurnal
Radiative Forcing
due to change in

surface albedo:
-8.0 + 0.9 W/m?

L R Mean Diurnal Aerosol

' e N L Forcing Efficiency:

g %_- Forest: -22.5 + 1.4 W/m?

R R Cerrado: -16.6 + 1.7 W/m?
-80 -70 -60 -50 -40 -30

Land-use change radiative forcing.

Forested areas are selected in red and

deforested areas are selected in blue.
Elisa Sena, 2011
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HOW MUCH CARBON DO PLANTS TAKE FROM THE ATMOSPHERE?
MODIS gross primary productivity (GPP) estimation from NDVI 2000-2010

01/01/2000

Carbon Removed by Plan! ts

0 1 2 3 456710
millions of grams per square kilometer per day




Strong effects of aerosols on carbon uptake in Amazonia
7 Amazonia Rondonia Forest site 2000-2001
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Rainfall rate (mm/day)

Relationship between aerosols and precipitation in the La Plata Basin
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<> SAMBBA Broad science drivers

Met Office

« Quantify biomass burning emissions from S.
America

* Increase understand of atmospheric processes
associated with BB (aerosols, chemistry,
plumes, transport).

» Assess the impacts of BB on climate, weather,
air quality, biosphere.

» Evaluation & development of models

 Validation of remote sensing observations: Fire
products (FRP), aerosol retrievals, etc.

© Crown copyright Met Office



ﬁ‘ FAAM BAe146 aircraft

Metoffice (Facility for Airborne Atmospheric Measurements)




SAMBBA operating region

Surinameis

nch:Guiana ‘\

Mato;Grosso,

Minas Gerais

* Re-fuel / overnight stop
% Permanent base

© Crown copyright Met Office



Aerosol emissions make the high
variability visible — it also applies to
aerosol composition and the trace




25 years after SCAR-B: Biomass burning emissions

FINN1.0/1.5 GFAS1.0/1.2

MODIS Burned

Method MODIS TAP MODIS FRP
Area

Spatial 0.5°, 0.25° 1 km? 0.5°, 0.25°
daily daily daily

Temporal 2003 — 2011 2002 — 2012 2001 — 2013

2003 — 2014 2002 — 2015 2001 — now

OC (Tgalyr) 17.6 23 18.2

BC (Tg/yr) 2.2 2.2 2.0

Ref van derz\(/)\QeOrf et al., Wiedinﬁr et al., Kaiser et al.. 2012

Injection heights: distributed emissions over six ecosystem-dependent
altitudes between surface and 6 km.

Good agreement between observed and modelled AOD was gained only after
scaling up GFED3 emissions by a factor of 2.0 for HadGEM3 with GLOMAP-mode.




&JAGU PUBLICATIONS

Geophysical Research Letters

RESEARCH LETTER
10.1002/2015GL063719

Key Points:

- First estimate of diffuse radiation
fertilization due to Amazon BBA

| ..

iy

Fires increase Amazon forest productivity
through increases in diffuse radiation

A.Rap', D. V. Spracklen’, L. Mercado??, C. L. Reddington’, J. M. Haywood?, R. J. Ellis?, O. L. Phillips>,

P. Artaxo®, D. Bonal’, N. Restrepo Coupe®, and N. Butt’

* First estimate of diffuse radiation fertilization due to Amazon

BBA.

« BBA increases Amazon basin annual mean diffuse radiation

by 3.4-6.8% and NPP by 1.4-2.8%.

 Effect offsets 33—65% of the annual regional carbon emissions

from BBA.

Estimate 30—60 Tg C a! of NPP
enhancement is within woody tissue 2>
accounts for 8—16% of the observed
carbon sink across mature Amazonian
forests.

A NPP [%] due to 1XBBA
k Dry: 2.5 |
?’Y & \\ &
f/'l-’ Ll_L Jc’ /




| nature
!LE.ZI(E«E«E% SEPTEMBER 2015 | DOI: 10.1038/NGE02535 geOSCICIlce

Air quality and human health improvements from
reductions in deforestation-related fire in Brazil

C. L. Reddington’, E. W. Butt', D. A. Ridley?, P. Artaxo®, W. T. Morgan?, H. Coe* and D. V. Spracklen™

« Analysed satellite & AERONET AOD over southwest
Brazil and Bolivia for dry season (from 2001 to 2012).

« Observed dry season AODs strongly correlated with
declining deforestation rate.

« Simulated dry season PM2.5 declined by ~30% in the
region.

=Reduction in PM2.5 may be preventing roughly 1,700
premature adult deaths annually across South America.



nature _
LETTERS geoscience

PUBLISHED ONLINE: 16 SEPTEMBER 2015 | DOI: 10.1038/NGEO2535

Air quality and human health improvements from
reductions in deforestation-related fire in Brazil

C. L. Reddington’, E. W. Butt', D. A. Ridley?, P. Artaxo®, W. T. Morgan?, H. Coe* and D. V. Spracklen™
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Air quality and human health improvements from
reductions in deforestation-related fire in Brazil

C. L. Reddington, E.W. Butt, D. A. Ridley, P. Artaxo, W. T. Morgan, H. Coe and D. V. Spracklen
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Relationship of simulated PM2.5 and premature mortality against Brazil’s
deforestation rates.

Using particulate matter concentration response functions from the
epidemiological literature, we estimate that this reduction in
particulate matter may be preventing roughly 1,700 premature adult
deaths annually across South America.



Ozone and carbon uptake in Amazonia in the dry season
Ozone (ppb)
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Figure 6. From the left: simulated variation in surface O3 mixing ratioz and NPP over the region of analysis for the months of Aug

September and October.

Ozone exposure reduces carbon uptake at the same order of magnitude as emissions from
deforestation. Potentially doubling the impact of biomass burning on the carbon cycle



Sensitivity study of the impacts of ozone concentrations on ozone concentrations and NPP

Amazon forest Amazon forest
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GoAmazon2014/15 Experiment
The central idea...

N

Manaus is a city of 2 :
million people surrounded S
by just forest in a radius of | 2%
1.500 Km. UNIQUE e o
situation.

The aim of the GoAmazon § g‘ i ,
2014/15 experimentisto | 47
analyze how the emissions % =
of pollutants of the city of @ é-.;,,‘}»i‘ e WO P
- - oy "'§‘i'_;:‘n g = ﬂ, Bl
Manaus interacts with the \\ ‘} ;,,s&l’: I

Amazonian natural T N ,
biogenic emissions from & 3 ‘:ﬁ” |
the forest and how are the > 't"‘“y 2
impacts on the climate n ; \‘.

over the forest and
ecosystem functioning.



How particles are formed from the interactions of forest
biogenic VOCs with urban emissions?

= Lightning
’ Strikes
Cloud Droplet
Number
Concentration
(CDNC)

+ Processes of
“Rainforest. " =
st dev Beosystem: 0



Seven measuring sampling sites in Central Amazonia

Manacapurur 3

/ Image Landsat
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12 years of remote sensing of aerosols and clouds
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AERONET Aerosol optical depth before and after Manaus plume

Aerosol optical
depth of TOe
versus T3: Where
are Manaus
emissions?

Absorption aerosol
optical depth :
Strong difference
between TOe and
T3
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D and radiative forcing
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G5 HALO plane - “High
Altitude and Long
Range Research
Aircraft” at the
“ACRIDICON: Aerosol,
Cloud, Precipitation,
and Radiation
Interactions and
Dynamics of
CONvective Cloud
Systems”.

“Intensive Airborne
Research in

Amazonia
201 4” (IARA-2014)

Brookhaven Science Associates




G-1 Flight Paths during GoAmazon

Phase 1 (Wet season) Phase 2 (dry season)

16 flights — 42.8 hours 19 flights — 53.7 hours
Feb 15" - March 26st, 2014 Sep 1st - Oct 10t , 2014

BROOKHEVEN

Brookhaven Science Associates NATIONAL LABORATORY




ACRIDICON Flights G5-HALO plane dry seaso
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PARTICLE ORGANIC
GOES UP

Image © 2014 DigitalGlebe
Image Landsat
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Optical Properties

Iimage © 2014 DigitaiGlobe

Data Source: Duli Chand, IARA
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Vertical profile of particle size distribution
under pristine condition during wet season
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Evolution of aerosol size distribution in
Manaus plume (March 13, 2014, Wet season)
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" « ouesar | CCN are also enhanced in UT, but
. not as strongly as CN: smaller

1o particles and/or less hygroscopic
: § ” Enhancements in UT similar over
= clean area and polluted area:
§ 6 Aerosol is not result of pollution,
B but likely product of particle

. production from clean BL air —

BVOC oxidation products
7 Ao

I I | I I I
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Altitude, m
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structure, but stronger enhancement e
in UT. This is surprising because the UT
aerosols are mostly organic. Maybe
they contain more smaller particles?
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Aerosol composition: Organics and
nitrates. No sulfates

ACRIDICON-CHUVA
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N-CHUVA campaign Sep. 2014
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Biogenic organic aerosol formation at low H,SO, happens in UT!

: (semi)volatile
Condensationto o™ _

compounds

new Particles

Particle & Boundary-Layer Aerosols

Growth
Biogenic Volatiles -

compounds

Andi Andreae. 2016
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Rain-Related Downdrafts of Particles

intense vertical

October 18, 2014
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Transition season

rainy season

dry season
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Thanks, Yoram, for the creative
inspiration. Not very many people makes
the difference...

Yoram was one of these people...

~ Lesson learned: When we all go, we will
not be remembered by our papers but by
- our quality as a human bemgs

: Yoram is remembered for that

1 \

Thankk for the attention!!




> 4
£

We.can see a complex mixture of source %i’/ik !
transformation and meteorological - T %G
effects that mix forest biology with the ~\_ =

chemlstry and physics of the atmosphere Xt

GoAmazon is providing a fantastic

“‘\ data set to study key atmospheric

. process in tropical regions...

; ‘hanks for the attention!!
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Ozone, Terpenes and Toluene Concentrations
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methyl vinyl ketone
(MVK, C,H0)

ISOPOOHSs
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Alta Floresta 2000-2014

AERONET level 1.5 - Cuiaba Miranda (2000-2014)
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T3 — Light Scattering versu
wind direction and speed
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T3 — Light Absorption versus
wind direction and speed

T3 Jan-Dez 2014 0

330 > )

T

1 -
(o)} D
o o

N
o

270

L
w
o

# Counts Absorption

180

Higher scattering and absorption observed from
Manaus wind direction and at low wind speeds

Plots from Glauber Cirino



G5 HALO plane - “High
Altitude and Long Range
Research Aircraft” at the
“ACRIDICON: Aerosol,
Cloud, Precipitation, and
Radiation Interactions
and Dynamics of
CONvective Cloud
Systems”.
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Long range transport of
Sahara desert particles to
Amazonia
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Hovmoller diagram of monthly
rainfall from 1951 to 2010 for

southern Amazonia.

Units are in mm/month. The 100 mm/month
isohyet is marked in bold and is an indicator of

dry season.

The onset of the Amazon rainy season shows a
large temporal and spatial variability, delays on
the data of the onset may have strong impacts
on local agriculture, hydroelectric power
generation as well as on the hydrology of large
rivers.

Two “once-on-a-century” droughts occurred in
2005 and 2010, and it was shown that on
those events the rainy season started later
than normal, and also that on the last 10 years
the dry season has increased in length by
about one month.

Marengo et al., 2011



How external (Biomass Burning, Sahara
dust, pollution) and internal emissions
(primary organic aerosol particles and
SOA) interact chemically and physically
altering aerosol and cloud properties.

2 years continuous measurements at
seven ground based stations and two
aircraft flying dry and wet seasons

Poschl, et al., Science, 2010
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GoAmazon Experiment 2014-2015

4 ground sites (before at and after Manaus plume)
DoE G1 plane and the German G5 HALO plane for large scale

age ©
92008 MapLink.T
Image € 2008/G;

T—

Study of the interactions of the urban plume of Manaus with the
forest, producing secondary organic aerosols, ozone and others
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Amazon Basin has strong coupling between terrestrial ecosystem and the
hydrologic cycle: The linkages among carbon cycle, aerosol life cycle,

and cloud life cycle need to be understood and quantified.

Existing Aerosol

and gases
Clouds
o Susceptibility and
Aerosol formation Condensation .
AR Bude expected reaction to
A \
e Precipitation N Stresses OngObal
= Wet deposition \ .
TSN climate change as well
'_ organit = as pollution introduced
e | el I IRl 1 .
by future regional
economic development

are not known or

quantified at present
time.

Source: Barth et al., “Coupling between Land Ecosystems and the Atmospheric
Hydrologic Cycle through Biogenic Aerosol Particles,” BAMS, 86, 1738-1742, 2005.




Transverse Transects of Urban Plume
500m, 11 AM local, 13 March 2014

2000 3000
Flight Time (s)

Data Source: Mei Fan, Stephen Springston, [ARA Experiment, DOE AAF G1 Platform



Transverse Transects of Urban Plume
500m, 11 AM local, 13 March 2014

2000 3000
Flight Time (s)

Data Sources: Mei Fan, Stephen Springston, IARA Experiment, DOE AAF G1 Platform



Simple question: How do atmospheric composition
looks like at T3 compared to T0a, TOz and T2?

# Image Landsat
Imagery Date: 4/9/2013  2°
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Simple Method: comparing MEDIANS of MONTHLY values for each site
Example: Carbon Monoxide - CO

T0z_CO ppb T2_CO_ppb T3_CO_ppb
TOz T0z T0z T0z T0z T2 T2 T2 T2 T2 T3 T3 T3 T3 T3
Month Mean Median StDev %Coverage Month Mean Median StDev  %Coverage Month Mean Median StDev  %Coverage
1 203 135 O 0.0 1 155 148 40 4.1 1 139 128 59 10.6
2 0.0 2 151 139 45 89.2 2 124 121 19 33.3
3 0.0 3 150 136 47 74.4 3 125 123 19 34.7
4 0.0 4 130 116 48 51.1 4 124 117 29 34.7
5 113 112 9 80.7 5 129 111 58 91.7 5 107 102 22 34.7
6 118 117 10 99.8 6 150 128 65 93.0 6 117 114 27 34.7
7 126 125 15 98.2 7 152 132 52 99.5 7 127 124 24 34.7
8 181 152 78 99.0 8 222 186 114  80.9 8 158 148 49 19.0
9 165 160 22 98.0 9 218 191 82 89.5 9 209 186 91 32.3
10 168 165 29 86.8 10 190 175 57 94.5 10 202 175 96 31.3
11 168 163 25 829 11 213 191 77 98.8 11 183 171 52 99.3
12 190 184 45 98.3 12 211 198 59 91.3 12 174 167 42 99.3
Issues:

Different instruments, different calibrations;

Instrument down for a while

Duplicate measurements at each site (CO at T3 with at least 3 instruments) (BC: 5 instruments)
Need to do the medians with Level 3 data
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Isoprene at T2 and T3 - Medians
PTR-MS °

Isoprene (ppb)

HT2 ET3 MET3 isoprene
measurements 1;
0.8
0.6
0.4
0.2
Excellent 00
1 2 3 4 5 6 7 8 9 10 11

12

consistency Month of 2014
between T2 and Monoterpenes at T2 and T3 - Medians

0.35

T3 and bEtween 0.30 ET2 WNT3 HT3_Monoterpenes
the several 025
instruments 0.20
0.15
0.10
0.05
3 4 5 6 7 8 9 10 11 12

0.00
1 2

Monoterpenes (ppb)

Month of 2014



PTR-MS comparison: Benzene, Toluene Acetone and Acetonitrile

Benzene at T2 and T3 - Medians

Toluene at T2 and T3 - Medians

HT2 ET3 B T3 Toluene
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Acetaldehyde (ppb)

Methanol (ppb)
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ACSM and AMS: Organics,

Organics ACSM at T0Oz T2 T3 - Medians
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Nitrates ACSM at TOz T2 T3 - Medians
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Sulfate, Nitrates and NH4
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SO4, Organics: very similar T2 and T3: No aerosol formation? No evidence of pasture NH4



Organics ACSM at TOz 2013-2014 Medians
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Trace elements for the 3 sites at wet and dry seasons
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T3 and TO very similar also in elemental composition for both fine and coarse mode




Brazil-USA-sponsored contributions:
 DOE-FAPESP-FAPEAM (ASR, RGCM, TES): 6 projects

USA-sponsored contributions:

e DOE ARM (T3), DOE AAF (G1), DOE EMSL (HR-TOF-AMS), DOE
ARM (DMA-CCN), DOE TES (GECO)

* NSF Atmospheric Chemistry: 2 projects

* PNNL and BNL SFA’s

Additional Brazil-sponsored contributions:
e CHUVA

e Aeroclima

* CsF

 LBA

Other international contributions:
e ACRIDICON
e ATTO
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Black Carbon
Diurnal Variability
for each site and
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AAE — Absorption
Angstrom Exponent
Diurnal Variability
for each site and
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AOD and deforestatlon in Amazonia 2000-2015
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HALO x G1 - Sep16
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It was expected that HALO NOy > G1 NOx



